Introduction
============

Immune checkpoint antibodies, which block cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) and programmed cell death 1 (PD-1) pathways and enhance pre-existing immune responses, have demonstrated antitumor activity and have been approved for the treatment of various malignancies ([@B1]-[@B3]).

Nivolumab is a fully human IgG4 monoclonal antibody that is specific for human PD-1 and which inhibits the binding of PD-L1 and PD-L2 to the PD-1 receptor. The binding of these ligands to PD-1 receptors on T cells impedes T cell proliferation and activation and cytokine production, thus inhibiting the immune response to tumors. Nivolumab can therefore potentiate immune reactions and mediate antitumor activity ([@B4], [@B5]). Nivolumab was demonstrated to be active in non-small lung carcinoma ([@B2]), melanoma ([@B6], [@B7]), renal-cell carcinoma ([@B8]), Hodgkin\'s lymphoma ([@B9]), and recurrent/metastatic head and neck squamous cell carcinoma (HNSCC), and was approved by the FDA after a pivotal phase III trial ([@B10]).

A major limitation of nivolumab is that its specific pharmacological function may lead to unrestrained activation of effector immune responses and a reduction of anti-inflammatory effects, resulting in undesirable autoimmune-type manifestations called immune-related adverse events (irAEs) ([@B11]). These reactions can occur in every organ, but mainly appear as skin disorders, pneumonitis, endocrine disorders, gastrointestinal disorders, and hepatobiliary disorders. Anti-PD-1-related colitis is a major irAE that manifests as diarrhea and colitis. In a clinical trial, grade 3-4 colitis was reported in 1-2% of patients who received anti-PD-1 therapy ([@B12]). An additional drawback of immune checkpoint inhibition is that it can worsen pre-existing autoimmune diseases ([@B13]).

Ulcerative colitis (UC) is a chronic inflammatory disease of the colon that leads to diarrhea, hematochezia, abdominal pain, and malnutrition. The exact cause of this disease is still unknown, but it seems to involve dysregulation of the mucosal immune response, resulting in an imbalance between regulatory (Treg) and effector T cells ([@B14]). Thus, it is of great interest whether an anti-PD-1 antibody affects the activity of UC. We herein report the case of a patient with both epipharyngeal carcinoma and UC, who was safely treated with nivolumab.

Case Report
===========

The patient was a 52-year-old woman who was a non-smoker and non-drinker, who was diagnosed with epipharyngeal carcinoma with extensive intracranial infiltration and persistent headache in November 2015. A histological examination showed moderately differentiated squamous cell carcinoma (clinical stage, cT4bN0M0). The patient had been diagnosed with ulcerative colitis in 2012, and had been successfully treated with 5-ASA. She had persistent diarrhea and progressive anemia at the time of the diagnosis of epipharyngeal carcinoma; thus, colonoscopy was performed ([Fig. 1](#g001){ref-type="fig"}), which revealed highly active pancolitis-type UC (Mayo score 10). Chemoradiotherapy for epipharyngeal carcinoma was planned at the time of the diagnosis, but treatment for UC was prioritized. Sequential steroid administration and granulocyte and monocyte adsorption apheresis were conducted. The treatments successfully induced the remission of the patient\'s UC, and 5-ASA maintenance therapy (4 g/day) was subsequently initiated. Due to the risk of toxicity affecting the colonic mucosa, chemotherapy was withheld, and radiotherapy (total dose, 70 Gy) was performed from January to March 2016. The epipharyngeal tumor shrunk and the patient\'s headache was relieved. At the end of 2016, low back pain appeared, and multiple bone metastases were diagnosed in March 2017. The patient received palliative radiotherapy for the painful metastases (doses: right iliac crest, 20 Gy; left femur, 30 Gy). Recurrent epipharyngeal carcinoma and multiple bone tumors were detected by PET-CT in April 2017.

![The diagnosis of active UC. (A) Colonoscopy revealed active colitis throughout the colon. Congestive, edematous, and erosive mucosa with friability and spontaneous bleeding were observed in the sigmoid colon. (B) A biopsy specimen from the sigmoid colon showed inflammatory cell infiltration, distortion, and crypt inflammation. These endoscopic and pathological findings were consistent with active ulcerative colitis. UC: ulcerative colitis](1349-7235-59-1105-g001){#g001}

The patient visited our hospital in June 2017 to determine whether she was eligible for chemotherapy given her continuously asymptomatic UC. We confirmed the stable remission of UC by colonoscopy ([Fig. 2](#g002){ref-type="fig"}) and the appearance of new liver metastases by computed tomography (CT). We judged that chemotherapy was viable. CDDP/5FU \[Cisplatin (100 mg/m^2^, IV over 2 hours on Day 1) followed by 5-fluorouracil (1,000 mg/m^2^, CIV 24 hours on Days 1-4, q3w)\] was administered as first-line therapy. Partial remission was initially achieved; however, after six courses, her liver and bone metastases progressed. Thus, second-line chemotherapy was initiated with paclitaxel \[PTX (100 mg/m^2^ IV, over 1 hour on Day 1, repeated every 6 weeks)\] was started in December 2017. CT of the liver performed at two months after the start of PTX showed a mixed response, and the administration of PTX was continued until tumor growth was demonstrated definitively in April 2018. The patient\'s treatment schedule is shown in [Fig. 3](#g003){ref-type="fig"}.

![Endoscopic findings (sigmoid colon). Endoscopy before chemotherapy showed UC in remission with no apparent active inflammation. UC: ulcerative colitis](1349-7235-59-1105-g002){#g002}

![The clinical course. PTX: paclitaxel, CDDP: cisplatin, 5-FU: 5-fluorouracil, LCAP: leukocytapheresis](1349-7235-59-1105-g003){#g003}

After reconfirming the state of UC remission (Mayo score, 0), nivolumab (3 mg/kg, every 2 weeks) was given as third-line chemotherapy from May 2018. After three courses, CT demonstrated rapid growth of the patient\'s liver metastases but bone scintigraphy revealed a decreased number of skeletal metastases. During these therapies, the patient did not experience diarrhea or other symptoms indicative of irAE colitis or the recurrence of UC. Because of her hyperprogressive liver disease, supportive care was chosen. Her condition rapidly worsened, and she died two weeks after the start of palliative care intervention.

An autopsy performed seven weeks after the first administration of nivolumab revealed the following findings. There was no evidence of tumor in the pharynx, indicating the effectiveness of radiation and chemotherapy at the primary site. Multiple metastases were found in the liver and bones. While most of the liver tumors were viable, approximately half of the bone tumors had undergone necrosis, indicating a mixed tumor response to the treatments. The remaining tumors were negative for PD-L1. In the colon, mild lymphocytosis, minimal neutrophil infiltration, a conserved crypt structure, and slight fibrosis were observed, none of which suggested the recurrence of UC or anti-PD-1-related colitis ([Fig. 4](#g004){ref-type="fig"}). It was concluded that nivolumab had been used safely to treat this patient with preexisting UC.

![Autopsy findings. (A) Macroscopic observation revealed a slightly erythematous mucosa in the colon. (B) Microscopic observation of the sigmoid colon revealed blood congestion manifesting as an erythematous mucosa, mild lymphocytic infiltration, and fibrosis, but there were no signs of active UC or irAEs secondary to colitis. UC: ulcerative colitis, irAEs: immune-related adverse events](1349-7235-59-1105-g004){#g004}

Discussion
==========

The rates of anti-PD-1-induced diarrhea and colitis are reported 17.2% and 1.1% respectively ([@B15]). Anti-PD-1-associated colitis exhibits a variety of macroscopic findings, from normal to severe inflammatory changes such as exudates, granularity, erythema, loss of vascularity, and ulcerations ([@B16], [@B17]), which are somewhat similar to those of UC. The common histopathological features of anti-PD-1-associated colitis are neutrophilic crypt microabscesses and cryptitis, increased crypt epithelial cell apoptosis, and the presence of crypt atrophy and dropout ([@B16], [@B17]).

UC is an idiopathic inflammatory disorder that affects the colorectum. Endoscopic findings typically show erythema, loss of the normal vascular pattern, granularity, erosion, friability, bleeding, and ulceration ([@B18], [@B19]). Histological findings include distortion of the crypt architecture, crypt shortening, increased numbers of lymphocytes and plasma cells in the lamina propria, mucin depletion, and Paneth cell metaplasia ([@B18], [@B19]).

The exact causes of both irAE colitis and UC are still unknown, but blood analyses in patients with immune checkpoint inhibitor-induced colitis revealed a decrease in regulatory T cells and an increase in effector T cells ([@B20]), which is similar to the T cell imbalance seen in UC patients ([@B21]). Additionally, polymorphisms of the *CTLA-4* gene were reported to be associated with susceptibility to both Crohn\'s disease and UC ([@B22]). Thus, the potential for immune checkpoint inhibitors to exacerbate UC is a particular concern.

Because patients with pre-existing autoimmune disorders are excluded from trials evaluating immune checkpoint inhibitors, few data are available on the risk of immune-related colitis in patients with pre-existing inflammatory bowel disease (IBD). Previous studies reported a risk of approximately 30% for relapse of pre-existing IBD after treatment with anti-CTLA-4 antibodies \[13, 23, 24\]. Only one report showed that anti-PD-1 therapy did not evoke flares of underlying IBD in three patients with CD and in two patients with UC and prior colectomy ([@B24]). There are no reports thus far about the use of anti-PD-1 in unoperated UC patients. In addition, histological examinations were not usually performed after immune checkpoint inhibitor treatment in previously reported cases. In this study, a histological assessment during the autopsy of a cancer patient with preexisting UC proved that there was no nivolumab-induced flare of UC or colitis in the colon.

Although the median time to the onset of symptoms in patients with immune-related gastrointestinal events (mainly diarrhea and colitis) was around week 8 for nivolumab treatment ([@B15]), a recent report showed that nivolumab-induced colitis was diagnosed within 7 weeks in more than 50% of cases ([@B25]). Based on this report, we consider that our observation period of 7 weeks was acceptable to conclude that nivolumab was safely used in the treatment of our patient with preexisting UC.

In this case, the patient had taken 5-ASA as maintenance therapy for UC. 5-ASA is the most frequently used drug in the treatment of UC, and is considered to exert an anti-inflammatory action via the increased expression of peroxisome proliferator-activated receptors in gastrointestinal epithelial cells ([@B26]). Orally administered 5-ASA has been shown to suppress the immune response and anti-inflammatory effect directly in the colon mucosa. The anti-inflammatory effect of 5-ASA might prevent the exacerbation of UC or immune checkpoint inhibitor-induced colitis. In fact, 5-ASA treatment was reported to improve the frequency of diarrhea and endoscopic findings in a patient with immune checkpoint inhibitor-induced colitis ([@B27]). Moreover, after it is absorbed, 5-ASA is metabolized extensively to N-Ac-5ASA, by the N-acetyltransferase 1 (NAT 1) in intestinal epithelial cells and the liver. This metabolite was reported to be inactive ([@B28]). Thus, 5-ASA is considered not to affect the efficacy of nivolumab. Considering its relatively low incidence of side effects, 5-ASA might be effective for the treatment and prevention of immune checkpoint inhibitor-induced colitis. Further studies are needed to confirm this hypothesis.

Although the patient also received dexamethasone once at a dose of 6.6 mg as a premedication of PTX, it is thought the effect was limited because the half-life of dexamethasone is approximately 36 hours.

In this study, the use of nivolumab in the treatment of HNSCC was proven to be safe, with no serious adverse events or UC flare. This is the first report of a histological examination following nivolumab therapy in an unoperated patient with preexisting UC.
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